(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 




(43) International Publication Date (10) International Publication Number 

30 September 2004 (30.09.2004) PCT WO 2004/083873 A2 



(51) International Patent Classification'^: 



GOIR 



(21) International Application Number: 

PCTAJS2004/008001 

(22) International Filing Date: 15 March 2004 (15.03.2004) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
60/454,572 



14 March 2003 (14.03.2003) US 



(71) Applicant (for all designated States except US)i AP- 
PLIED PRECISION, LLC [USAJS]; 1040 12th Avenue, 
N.W., Issaquah, WA 98027 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): STROM, John, T. 

[USAJS]; 1547 S.W. 12th Court, North Bend, WA 98045 
(US). KRAFT, Raymond, H. [USAJS]; 55 1 1 17th Avenue 
N.E., Seattle, WA 98105 (US). 



(74) Agents: CASTELLUCCI, Victor, J. et aL; Pillsbury 
Winthrop, LLP, 1 1682 El Camino Real, Suite 200, Carmel 

Valley, CA 92130-1593 (US). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, XL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 
GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 

[ Continued on next page] 



(54) Title: SYSTEM AND METHOD OF MEASURING PROBE FLOAT 



Free Hanging 



Electrical Contact 



< 
00 

m 

00 



Probe Length 




Cdfitact Surface 



(57) Abstract: A system and method allow accurate calculation of probe float through optical free-hanging and electrical planarity 
measurement techniques. In accordance with an examplary embodiment, probe float may be determined by acquiring a free-hanging 
planarity measurement, obtaining a first electrical contact planarity measurement, and calculating probe float using results of the 
acquiring and the obtaining operations. 



wo 2004/083873 A2 1 11 111 II 11 ill III 11 ill III 11 11 



Declaration under Rule 4.17: 

— of im^entorship ( Rule 4. 1 7( iv ))for US only 

Published: 

— without international search report and to be republished 
upon receipt of that report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 2004/083873 PCT/US2004/008001 

SYSTEM AND METHOD OF MEASUREVG PROBE FLOAT 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims the benefit of United States provisional 
application Serial No, 60/454,572, filed March 14, 2003, entitled "A METHOD FOR 
5 MEASURING PROBE FLOAT FOR PROBE CARD TECHNOLOGIES ALLOWING 

FREE, LIMITED VERTICAL MOTION," the disclosure of which is hereby 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

Aspects of the present invention relate generally to the field of probe card 
10 analysis, and more particularly to a system and method providing accurate calculation of 

probe float through optical free-hanging and electrical planarity measurement 
techniques. 

BACKGROUND OF THE INVENTION 

Traditional probe card analyzers measure probe planarity by electrical means, 
15 and generally measure probe alignment by optical means. Etectxical planarity 

measurements are typically made by slowly bringing a conductive contact surface into 
contact with the probes on a probe card. In that regard, the conductive contact surface is 
moved toward the probe card; the conductive surface first malees contact with the probe 
that extends furthest from the probe card surface (the "lowest" probe), and finally makes 
20 contact with the probe that extends least from the probe card surface <the "highest" 

probe). The process of moving the conductive contact surface fi-om first to last -contact 
point and beyond is generally referred to in the art as "overtravel," since the first probe to 
make contact with the conductive contact surface is loaded beyond the point of fii'st 
contact. 

25 Some conventional probe card technologies implement probes having limited 

free vertical travel; in the "free-hanging" state, probes are not electrically -connected to 
the probe card. Using traditional electrical planarity measurement technology, it is 
possible to overtravel the probes into a conductive contact surface and measure the 
overtravel associated with first electrical continuity. Currently implemented systems and 

30 methods are deficient, however, in that traditional methodologies do not enable accurate 

measurement of the range of free, electrically insulated, vertical motion, also known as 
"float." 
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SUMMARY 

Aspects of the present invention overcome the foregoing and other shortcomings 
of conventional technology, providing a system and method allowing accurate 
calculation of probe float through optical free-hanging and electrical planarity 
5 measurement techniques. 

In accordance with one embodiment, for example, a method of calculating probe 
float comprises: acquiring a free-hanging planarity measurement; obtaining a first 
electrical contact planarity measurement; and calculating probe float using results of the 
acquiring and the obtaining. 
10 The foregoing and other aspects of the disclosed embodiments will be more fully 

understood through examination of the following detailed description thereof in 
conjunction with the drawing figures. 

BRffiF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram illustrating components of one -embodiment 
15 of a probe card analyzer system. 

FIG. 2 is a simplified block diagram illustrating a vertical probe with float and 
depicting both the free-hanging state and the first electrical contact state. 

FIG. 3 is a simplified block diagram illustrating an array of vertical probes with 
float and depicting an overtraveled state of last electrical contact. 
20 FIG. 4 is a simplified block diagram illustrating an array of vertical probes with 

float and depicting a free-hanging state. 

FIG. 5 is a simplified flow diagram illustrating the general operation of one 
embodiment of a method of calculating probe float. 

DETAILED DESCRIPTION 

25 As set forth in more detail below, exemplary systems and methods may embody 

hybrid measurement techniques capable of measuring probe float and free-hanging, first 
touch planarity. By way of example, such a hybrid technique may employ a combination 
of electrical measurements and optical measurements. 

By way of general background, it will be appreciated that one approach to 

30 obtaining optical planarity measurements generally known in the art may employ three- 

dimensional comparative metrology using a substantially transparent fiducial substrate, 
e,g., a glass, acrylic, quartz, or other suitably transparent fiducial plate as set forth in 
more detail below. Other optical planarity assessment methods may be known or 
developed in accordance with generally loiown principles. 
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Turning now to the drawing figijres, FIG. 1 is a simplified block diagram 
illustrating components of one embodiment of a probe card analyzer system. As is 
generally known in the art, system 100 may comprise a metrology frame 110 to which 
other components are mounted. Specifically, exemplary system 100 generally comprises 
5 a plate reference surface 121 configured and operative to carry or otherwise to support a 

substantially transparent fiducial plate 122, a probe card 132 attached to or otherwise 
supported by a probe card fixture 131, and a z-stage 140 configured and operative to 
provide relative movement (along an axis, z, e.g., vertically in FIG. 1) between fiducial 
plate 122 and probe card 132. In some embodiments, one or more sensors, such as z- 
10 sensor 141, for example, may measure the relative distance between probe card fixture 

131 and plate reference surface 121. 

Typically, fiducial plate 122, in addition to being substantially transparent as set 
forth in more detail below, is also electrically conductive to enable electrical planarity 
measurements. 

15 Optics assembly 150 may be employed to acquire image data (e.g,, visual or 

optical data) of one or more probes 133 through substantially transparent fiducial plate 
122. Accordingly, the term "substantially transparent" in this context generally refers to 
the quality of allowing transmission of sufficient energy in at least a portion of the 
electromagnetic spectrum, such as the visible wavelengths of the spectrum, for example, 

20 to allow optics assembly 150 to acquire such images or optical data through fiducial 

plate 122. It will be appreciated that various factors may affect characterization of a 
particular fiducial plate 122 as "substantially transparent" in this -context. For example, 
"substantial" transparency may be affected or influenced by some or all of the following, 
among other factors: transmission properties and attenuation properties (such as the 

25 refractive index, the presence and density of any occlusions, etc.) of the material used to 

construct fiducial plate 122; the thickness of fiducial plate 122 along the optical axis of 
optics assembly 150; the type (frequency and amplitude, for example) of energy 
impinging upon or passing through fiducial plate 122; the capabilities and sensitivity of 
optics or imaging hardware employed at optics assembly 150; and the like. In some 

30 embodiments, fiducial plate 122 may be constructed of glass, acrylic, quartz, or a similar 

material substantially transparent to electromagnetic energy in a predetermined or 
desired portion of the spectrum. 

It will be appreciated that system 100 may also comprise various motors, 
actuators, positional sensors, and the like (not shown in FIG. 1) configured and generally 

35 operative to control relative positioning and orientation of the various components such 
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as z-stage 140, x-stage 160, y-stage (not shown), optics assembly 150, fiducial plate 122, 
and probe card 132. For example, the operational focal length or depth of field (DOF) of 
optical equipment, lens arrangements, sensors (such as a charge-coupled device (CCD) 
or complementary metal-oxide semiconductor (CMOS) detector), or other imaging 
5 hardware utilized at optics assembly 150 may affect the optimum or desired distance (in 

the z dimension) between optics assembly 150 and fiducial plate 122. Similarly, 
selective positioning of optics assembly 150 relative to fiducial plate 122, probe card 
132, or both, in either or both of the x and y directions may be required or desired. In 
many applications, precise three-dimensional positioning and orientation of the various 

10 components may be influenced or controlled by one or more computers, micro- 

controllers, programmable logic controllers, or other electronic or electromechanical 
components such as stepper motors, worm gears, precision actuators, and the like. 
Numerous hardware and software configurations suitable for this purpose are generally 
known in the art, and are susceptible of many variations and modifications. The present 

15 disclosure is not intended to be limited by any particular combination of hardware 

elements and software modules operative selectively to manipulate the components of 
system 100 in three-dimensional space. 

Additionally, various components illustrated in the exemplary FIG. 1 
embodiment may be coupled to one or more computers or other processing components. 

20 Specifically^ a data processing component comprising hardware and software may be 

configured and operative to receive acquired image data and to compute planarity, for 
example, or to perform other operations. Such a data processing component may 
additionally be operative to command or request movement or rotation of various system 
components to compensate for system component deflections, for example. The present 

25 disclosure is not intended to be limited by any particular data processing hardware or 

software implementation, control electronics, feedback mechanisms, and the like. 

FIG. 2 is a simplified block diagram illustrating a vertical probe with float and 
depicting both the free-hanging state and the first electrical contact state. In the "free- 
hanging" state, probe 133 is generally not electrically connected to probe card 131 (not 

30 shown in FIG. 2). As indicated on the left side of FIG. 2, probe 133 may be allowed a 

range of free, electrically insulated, vertical motion in a guide 134. Electrical contact 
with probe card 131 (such as at a surface 135) may be made through relative positioning 
of probe 133 and the contact surface as indicated on the right side of FIG. 2. In that 
regard, first electrical contact may generally occur when the contact surface and surface 

35 135 at the end of guide 134 are relatively positioned at a distance equal to the probe 
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length 136; as set forth above, probe 133 may be overtraveled beyond the point of first 
electrical contact in many applications. The range of travel through which probe 133 
may be translated linearly in guide 134 prior to contact with surface 135 is referred to as 
"float." 

5 As probes 133 are electrically insulated in the free-hanging state, probe card 

planarity in this instance may be measured by means other than electrical. In an 
exemplary embodiment, free-hanging planarity may be measured optically. In that 
regard, the location of probes 133 (and more generally, the approximate probe plane) 
may be estimated prior to imaging. 

10 In that regard, the probe plane may be located in one exemplary embodiment by 

overtraveling probe card 131 to the position of last electrical contact. FIG. 3 is a 
simplified block diagram illustrating an array of vertical probes with float and depicting 
an overtraveled state of last electrical contact. Specifically, this state of last electrical 
contact represents relative positioning between the contact surface and probe card 131 

15 (not shown in FIG. 3) when the "highest" probe 133 (/,e., probe 133 that extends least 

from probe card 131) makes electrical contact. At this position, the contact surface may 
be at the lowest possible position (e.g. , in the z-direction, measured relative to probe card 
131) consistent with every probe 133 making electrical contact. 

At the state of last electrical contact depicted in FIG. 3, a reference planarity of 

20 all probes 133 may be measured, for example, by perfomiing an optical scan or 

otherwise acquiring optical reference planarity data. This reference planarity is ideally 
zero, but may be small and non-zero due to various factors such as stereoscopic 
perspective effects, for example, or other optical or imaging limitations associated with 
components of the imaging system employed to acquire the data. 

25 The contact surface may then be lowered relative to probe card 131 by a fi'action 

of the depth of field (DOF) associated with the imaging system; additionally or 
alternatively, probe card 131 may be raised relative to the contact surface. In one 
exemplary embodiment, this relative translation may be approximately DOF/2; such a 
relative translation may ensure that probes 133 previously making contact are still in 

30 focus. More aggressive relative translations, for example, between approximately 0.8 

DOF and approximately 0.9 DOF may have utility in certain applications. 

Another optical scan of all probes 133 may be performed at this new distance 
between the contact surface and probe card 131. If a planarity measurement for a 
particular probe 133 has increased by more than a minimum (e.g.^ pi^determined or 

35 preselected) threshold value, for example, that particular probe 133 may be considered 
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free-hanging at this iteration. For probes 133 determined to be free-hanging, the current 

i 

measured planarity value may be assigned. 

The process of providing relative translation between the contact surface and 
probe card 131, identifying new free-hanging probes 133, and assigning planarity values 
5 to newly identified free-hanging probes 133, may be selectively repeated, for example, 

until a free-hanging planarity value has been assigned to every probe 133. Additionally 
or alternatively, the forgoing iterative process may be constrained to a predetermined or 
preselected maximum number of iterations in some embodiments. 

FIG. 4 is a simplified block diagram illustrating an array of vertical probes with 

10 float and depicting a free-hanging state. The exemplary state illustrated in FIG. 4 

represents the foregoing iterative process having been allowed to proceed until a free- 
hanging planarity value has been assigned to every probe 133. It will be appreciated that 
the number of iterations required to assign a free-hanging planarity value to every probe 
133 in the array may be a function of the imaging system DOF, the nominal float 

15 distance, and the range of free-hanging planarity variation, among other factors. For 

typical vertical float technology employing float distances on the order of 25 microns, 
and where the planarity range is approximately 50 microns, a total relative translation of 
approximately 75 microns may be suitable. 

For an accurate probe float determination or calculation, the location of first 

20 electrical contact for each probe 133 may also be measured; such measurements may 

comprise common electrical planarity analysis methodologies as iset forth above. In that 
regard, electrical planarity may be measured by standard techniques in which the 
distance between the contact surface and probe card 131 is controlled and non-bussed 
probe planarity is measured directly. If float measurements are desired for bussed 

25 probes, it may also be necessary to measure bussed probe electrical planarity using a 

small isolated contact surface. These electrical planarity techniques are generally known 
in the art. In some embodiments, for example, such electrical planarity measurements 
may be obtained during the process of overtraveling the probe card for acquiring the 
reference planarity measurements described above with specific reference to FIG. 3. 

30 Given both optical free-hanging planarity measurements and electrical planarity 

measurements, probe float may be calculated in a straightforward manner. For instance, 
the probe float for a given probe, i, may be expressed as 

fi = Pei " Poi 

where pei, Poi, and represent the electrical planarity, the optical planarity, and 
35 the float, respectively, of probe i. 
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Those of skill in the art will appreciate that the probe float calculation set forth 
above may also include effects of probe card and probe card fixture deflection under 
loads that are present during overtravel between first and last electrical contact. In some 
embodiments, an additional measurement of card and fixture deflection may influence 
5 values for pei and poi, effectively eliminating or minimizing deflection contributions to 

the float computation. 

FIG. 5 is a simplified flow diagram illustrating the general operation of one 
embodiment of a method of calculating probe float. As indicated in FIG. 5, one probe 
float calculation method may generally comprise acquiring a free-hanging planarity 

10 measurement (block 510), obtaining a first electrical contact planarity measurement 

(520), and calculating probe float (block 530) using the results of the acquiring and 
obtaining operations. 

As set forth above with specific reference to FIGS. 3 and 4, acquisition of free- 
hanging planarity measurements may embody some or all of the operations illustrated at 

15 the right side of FIG. 5. Specifically, the probe card may be overtraveled to the point of 

last electrical contact (block 511) enabling an imaging operation to obtain reference 
planarity data as indicated at block 512. Relative translation of the probe card and the 
contact surface (block 513) may result in new free-hanging probes, which may be 
identified (block 514), for example, through additional imaging operations or optical data 

20 acquisition techniques. A planarity value representative of the distance between the 

probe card and the contact surface may be assigned to each newly identified free-hanging 
probe as indicated at block 515. As indicated by the loop back to block 513 from 
decision block 516, the foregoing providing, identifying, and assigning operations may 
continue in an iterative fashion until, for example, every probe in the probe card an'ay is 

25 free-hanging and has accordingly been assigned a planarity value. Alternatively, the 

iterative loop may be artificially limited to a maximum number of iterations in some 
applications, for example. 

The arrangement of the blocks depicted in FIG. 5 is not intended to imply a 
specific order or sequence of operations to the exclusion of other possibilities. For 

30 example, the obtaining at block 520 may precede the acquiring at block 510. 

Alternatively, the obtaining operation depicted at block 520, in whole or in part, may 
occur substantially simultaneously, or otherwise in conjunction, with the overtraveling 
operation at block 51 1, for example. 

Aspects of the present invention have been illustrated and described in detail 

35 with reference to particular embodiments by way of example only, and not by way of 
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limitation. It will be appreciated that various modifications and alterations may be made 
to the exemplary embodiments without departing from the scope and contemplation of 
the present disclosure. It is intended, therefore, that the invention be considered as 
limited only by the scope of the appended claims 
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WHAT IS CLAIMED IS: 

1. A method of calculating probe float; said method comprising: 

acquiring a free-hanging planarity measurement; 
obtaining a first electrical contact planarity measurement; and 
5 calculating probe float using results of said acquiring and said obtaining. 

2. The method of claim 1 wherein said calculating comprises computing a difference 
between results of said obtaining and said acquiring. 

10 3. The method of claim 1 wherein said acquiring comprises: 

acquiring a reference planarity measurement; 

providing relative translation between a contact surface and a probe card; 
identifying new free-hanging probes responsive to said providing; 
assigning a planarity value to newly identified free-hanging probes; and 
1 5 selectively repeating said providing, said identifying, and said assigning. 

4. The method of claim 3 wherein said selectively repeating further comprises 
selectively iterating said providing, said identifying, and said assigning until a free- 
hanging planarity value has been assigned to every probe. 

20 

5. The method of claim 3 wherein said acquiring a reference planarity measurement 
comprises overtraveling said probe card to a state of last electrical contact. 

6. The method of claim 3 wherein said acquiring a reference planarity measurement 
25 comprises utilizing an optical system. 

7. The method of claim 6 wherein said identifying new free-hanging probes comprises 
utilizing said optical system. 

30 8. The method of claim 6 wherein said providing relative translation comprises 

increasing a distance between said contact surface and said probe card of approximately 
half a depth of field associated with said optical system. 
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9. A method of measuring probe float in a probe card analyzer system; said method 
comprising: 

acquiring a free-hanging planarity measurement for a probe in an array on a 

probe card; 

5 obtaining a first electrical contact planarity measurement for said probe; and 

calculating probe float using results of said acquiring and said obtaining. 

10. The method of claim 9 wherein said calculating comprises computing a difference 
between results of said obtaining and said acquiring. 

10 

11. The method of claim 9 further comprising repeating said acquiring, said obtaining, 
and said calculating for every probe in said array. 

12. The method of claim 1 1 wherein said acquiring comprises: 
1 5 acquiring a reference planarity measurement; 

providing relative translation between a contact surface and said probe card; 
identifying new free-hanging probes responsive to said providing; 
assigning a planarity value to newly identified fr^e-hanging probes; and 
selectively repeating said providing, said identifying, and said assigning. 

20 

13. The method of claim 12 wherein said selectively repeating further comprises 
selectively iterating said providing, said identifying, and said assigning until a free- 
hanging planarity value has been assigned to every probe in said array. 



25 14. The method of claim 12 wherein said acquiring a reference planarity measurement 

comprises overtraveling said probe card to a state of last electrical contact. 



30 



15. The method of claim 12 wherein said acquiring a reference planarity measurement 
comprises utilizing an optical system. 

16. The method of claim 1 5 wherein said identifying new free-hanging probes 
comprises utilizing said optical system. 
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17. The method of claim IS wherein said providing relative translation comprises 
increasing a distance between said contact surface and said probe card of approximately 
half a depth of field associated with said optical system. 

5 1 8. A computer readable medium encoded with data and instructions for calculating 

probe float in a probe card analyzer; said data and said instructions causing an apparatus 
executing said instructions to: 

acquire a free-hanging planarity measurement; 
obtain a first electrical contact planarity measurement; and 
1 0 calculate probe float using said free-hanging planarity measurement and said 

first electrical contact planarity measurement. 

19. The computer readable medium of claim 1 8 ftirther encoded with data and 
instructions; said data and said instructions further causing an apparatus executing -said 

1 5 instructions to compute a difference between said free-hanging planarity measurement 

and said first electrical contact planarity measurement. 

20. The computer readable medium of claim 1 8 further encoded with data and 
instructions; said data and said instructions further causing an apparatus executing said 

20 instructions to calculate probe float for every probe in an array. 
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